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Organic EL display apparatus and manufacturing method thereof 



(54 

(57) A display apparatus includes a substrate, a plu- 
rality of pixels formed on the substrate, and a barrier 
plate for separating adjoining pixels from each other. 
Each pixel includes a lower layer portion having wiring 
formed on the substrate, an upper layer portion having 
an organic electro-luminescent element, and a middle 
layer portion for insulating the lower layer portion and 



the upper layer portion from each other electrically. The 
organic electro-luminescent element is connected with 
the windings through a contact holeformed in the middle 
layer portion. The barrier plate is disposed in the upper 
layer portion so as to overlap with a region including a 
contact hole not suitable for forming the organic electro- 
luminescent element. 



FIG. 1 
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Description 

[0001] The present invention relates to a display ap- 
paratus using an organic electro-luminescent element 
and a manufacturing method thereof. In particular, the 
invention relates to a technique for improving a display 
apparatus using an organic electro- luminescent ele- 
ment, emitted light of which is taken out of its upper sur- 
face on its cathode side, to have a larger aperture rate. 
[0002] An organic electro-luminescent element may 
be utilized as a pixel of, for example, an active matrix 
type display apparatus. An organic electro-luminescent 
display apparatus using an organic electro-luminescent 
element as its pixel is regarded as a promising next gen- 
eration flat panel display apparatus in place of a liquid 
crystal display apparatus. 

[0003] Fig. 7 shows a structure of an organic electro- 
luminescent element. In Fig. 7, on a glass substrate 1 , 
there is formed an anode A of a transparent conducting 
film such as ITO (Indium Tin Oxide). An organic layer 
1 0 is laminated on the anode A. Then , a cathode K made 
from a metal is formed on the organic layer 1 0. Thereby, 
the organic electro-luminescent element having a diode 
structure can be obtained. 

[0004] The cathode K is made from, for example, an 
alloy of aluminum and silver or an alloy of magnesium 
and silver. The thickness of the cathode K is about 1 00 
nm, for example. 

[0005] The organic layer 1 0 is basically made by lam- 
inating a hole transporting layer HTL, a luminescent lay- 
er LUL and an electron transporting layer ETL on the 
anode A in the order. 

[0006] In such a structure, when electrons and holes 
are injected from the cathode K and the anode A, re- 
spectively, the injected electrons and holes pass 
through the electron transporting layer ETL and the hole 
transporting layer HTL, respectively, and then they are 
recombined at the luminescent layer LUL to emit light. 
[0007] In this case, the emitted light is taken out of the 
glass substrate 1 side. That is, the structure of the OLED 
is the so-called downside light taking out structure. The 
luminous element made by sandwiching the organic lay- 
er 10 between the cathode K and the anode A like this 
becomes an organic light emitting diode (OLED). 
[0008] Because the response speed of the OLED as 
an organic light emitting diode is 1 jisec. or less, it is 
possible to perform the time division duty drive of the 
OLED arranged in a simple matrix form when the OLED 
is applied to a display apparatus. However, when the 
OLED comes to have high duty with the increase of its 
pixels, it is necessary to supply an instantaneous large 
current to the OLED for securing enough brightness. 
[0009] On the other hand in an active matrix type dis- 
play system, because a signal voltage is kept by holding 
capacitance formed between the OLED and a thin film 
transistor at each pixel during one frame interval, a drive 
current can be imposed on the OLED in accordance with 
the signal voltage. Consequently, it is not necessary to 



supply the instantaneous large current like in the case 
of the simple matrix system, and thereby the OLED is 
scarcely damaged. 

[0010] However, when a panel display apparatus is 

5 designed by means of the active matrix system using a 
switching element of a thin film transistor, the thin film 
transistor is formed by being laminated on the glass sub- 
strate 1 . Consequently, an opened area for taking light 
out of the OLED is narrowed by the thin film transistor 

10 formed on the glass substrate 1 in case of the downside 
light taking out structure shown in Fig. 7. Therefore, the 
downside light taking out structure has a problem that 
the aperture rate thereof is reduced, wherein the aper- 
ture rate is defined by dividing an effective display area 

15 with unit pixel area. 

[001 1] For avoiding the problem, the so-called upside 
light taking out structure where emitted light is taken out 
of the cathode K disposed on the upper side of the glass 
substrate 1 is available. 

20 [0012] The upside light taking out structure is shown 
in Fig. 8. As shown in Fig. 8, a reflecting layer 110 is 
formed on the glass substrate 1 . An anode A composed 
of a transparent conducting film such as ITO is formed 
on the reflecting layer 11 0. An organic layer 1 0 is super- 

25 posed on the anode A. And then, a metal layer 11 is 
formed on the organic layer 10. In this case, the thick- 
ness of the metal layer 11 is 1 0 nm or less for making it 
possible that emitted light penetrates the metal layer 1 1 . 
A transparent conducting layer 12 such as ITO is formed 

30 on the metal layer 1 1 . 

[0013] Because the emitted light is taken out of the 
upside, the cathode K is made of a metal foil film having 
a low work function so that its transmittivity is high and 
electrons can effectively be injected. For example, the 

35 cathode K is made by forming an alloy of aluminum and 
lithium to be a thin film of 1 0 nm in thickness or forming 
an alloy of magnesium and silver to be a thin film of 1 0 
nm in thickness. 

[0014] A transparent conducting layer 12 is further 

40 formed on the metal layer 11 to be a thickness, for ex- 
ample 1 00 nm. Thetransparent conducting layer 1 2 per- 
forms a role of a protection of the thin metal layer 1 1 and 
a role of changing the resistance of wiring to be low. 
[0015] In such a device structure of the upside light 

45 taking out structure, the numerical aperture of a pixel 
can principally be enlarged in comparison with the de- 
vice structure of the downside light taking out structure. 
However, when a display apparatus is composed by ar- 
ranging devices of the upside light taking out structure 

50 in a matrix form as its pixels, there is often arranged a 
structure such as a barrier plate for interrupting light on 
the front face side of the substrate 1 . Accordingly, it is 
urgently necessary to develop a mounting structure ca- 
pable of realizing a larger aperture rate. 

55 [0016] For resolving the aforesaid problems, the in- 
ventors of the present invention take the following meas- 
ures. 

[0017] That is, according to an aspect of the present 
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invention there is provided a display apparatus including 
a substrate, a plurality of pixels formed on the substrate, 
and a barrier plate for separating adjoining pixels of the 
pixels from each other, wherein: each of the pixels com- 
prises a lower layer portion including wiring formed on 
the substrate, an upper portion including an organic 
electro-luminescent element, and a middle layer portion 
for electrically insulating the lower layer portion and the 
upper layer portion from each other, and the organic 
electro-luminescent element is connected with the wir- 
ing through a contact hole formed in the middle layer 
portion, and further the barrier plate is disposed in the 
upper layer portion so as to overlap with a region includ- 
ing the contact hole. 

[0018] To put it concretely, the organic electro-lumi- 
nescent element is composed of a reflective anode con- 
nected with the wiring, a transparent cathode disposed 
at a front face of the organic electro-luminescent ele- 
ment, and an organic layer held between the anode and 
the cathode, and the organic layer emits light by recom- 
bination of holes supplied from the anode and electrons 
supplied from the cathode, and further the emitted light 
is taken out of the cathode disposed at the front face. 
[0019] In this case, the organic layer is composed of 
laminated films piled up selectively by means of a mask 
disposed over the substrate in a way of putting the bar- 
rier plate between the mask and the substrate. 
[0020] Furthermore, the lower layer portion compris- 
es a scanning wiring, a part of the wiring, for supplying 
first electric information for selecting the pixels, a data 
wiring, another part of the wiring, for supplying bright- 
ness information for driving the pixels ; a first active ele- 
ment controlled by second electric information supplied 
from the scanning wiring and having a function of writing 
the brightness information supplied from the data wiring 
into one of the pixels, and a second active element hav- 
ing a function of controlling emission of light of the or- 
ganic electro-luminescent element by supplying a cur- 
rent to the organic electro-luminescent element in ac- 
cordance with the written brightness information. 
[0021] According to the aspect of the invention, the 
area of a pixel can be effectively utilized and the region, 
which contributes to light emitting, of an organic electro- 
luminescent element can be enlarged by forming a bar- 
rier plate in a contact region for connecting the organic 
electro-luminescent element belonging to an upper lay- 
er portion and a wiring belonging to a lower layer portion. 
A stable light emitting characteristics can be obtained 
by enlarging the region contributing to light emitting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description of the presently 
preferred exemplary embodiments of the invention tak- 
en in conjunction with the accompanying drawings, in 
which: 



Fig. 1 is a partial sectional view showing an embod- 
iment of a display apparatus according to the 
present invention; 

Fig. 2 is a partial plan view showing the embodiment 

5 shown in Fig. 1 ; 

Fig. 3 is a mimetic plan view showing a relationship 
between a mask and a substrate; 
Fig. 4 A - Fig. 4C are process drawings showing a 
method for manufacturing an organic electro-lumi- 

10 nescent element according to the present invention; 
Fig. 5 is a circuit diagram showing an equivalent cir- 
cuit of a pixel of the display apparatus shown in Fig. 

1; 

Fig. 6 is a circuit diagram showing the whole struc- 
15 ture of the display apparatus shown in Fig. 1 ; 

Fig. 7 is a sectional view showing an example of a 
conventional organic electro-luminescent element; 
and 

Fig. 8 is a sectional view showing another example 
of a conventional organic electro-luminescent ele- 
ment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Hereafter, the drawings are referred while an 
embodiment of the present invention is described in de- 
tail. 

[0024] Fig. 1 is an example of a partial sectional view 
showing the structure of a display apparatus according 
to the present invention. Fig. 1 shows one of pixels of 
the display apparatus. 

[0025] As shown in Fig. 1, the display apparatus in- 
cludes a substrate 1 , a pixel formed on the substrate 1 . 
and a barrier plate 6 for separating the pixel from adjoin- 
ing pixels. The pixel is separated to be a lower layer por- 
tion LL, a middle layer portion ML and an upper layer 
portion UL from the bottom side in the order. The lower 
layer portion LL includes a wiring such as a data wiring 
Y and a connecting wiring M formed on the substrate 1 . 
The upper layer portion UL includes an organic electro- 
luminescent element OLED. The middle layer portion 
ML electrically insulates the lower layer portion LL and 
the upper layer portion UL from each other. The middle 
layer portion ML comprises an interlayer isolation film 
50. The organic electro-luminescent element OLED is 
electrically connected with the connecting wiring M 
through a contact hole CON opened to the interlayer iso- 
lation film 50 constituting the middle layer portion ML. 
[0026] As a specific feature, the barrier plate 6 is dis- 
posed in the upper layer portion UL so as to overlap with 
a region including the contact hole CON (hereafter re- 
ferred to as "contact region"). In the contact region, wir- 
ing are intricate and there are many undulations. Con- 
sequently, the contact region is not suitable for forming 
the organic electro-luminescent element OLED. Even if 
the organic electro-luminescent element OLED is 
formed here, effective light emission for display cannot 
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be obtained. Accordingly, the barrier plate 6 that is a 
structure not contributing to the light emission originally 
is disposed in the contact region. 
[0027] By constructing the display apparatus like the 
above, the effective utilization of the area of a pixel is 
enabled, and the aperture rate can be improved in com- 
parison with the prior art. The aperture rate of over 50 
percent can be attained owing to the specific structure 
of the embodiment of this invention. 
[0028] In the present embodiment, the organic elec- 
tro-luminescent element OLED has the upside light tak- 
ing out structure. That is, the organic electro-lumines- 
cent element OLED has a reflective anode A connected 
with the connecting wiring M, a transparent cathode K 
disposed at the front face of the organic electro-lumi- 
nescent element OLED, and an organic layer 10 held 
between the anode A and the cathode K. The organic 
layer 10 emits light by recombination of holes supplied 
from the anode A and electrons supplied from the cath- 
ode K, and further the emitted light is taken out of the 
cathode K disposed at the front face. 
[0029] As shown in the Fig. 1 , the organic layer 10 is 
formed as wide as possible on a comparatively flat por- 
tion except for the contact region, and thereby the ap- 
erture rate of the pixel is enlarged. And, the barrier plate 
6, which does not originally contribute light emitting, is 
formed in the contact region that is not suitable for form- 
ing the organic layer 1 0. 

[0030] Incidentally, the aperture size L of one pixel is, 
for example 1 70 jim to 1 80 jim, and the width size W of 
the barrier plate 6 is, for example 30 jam to 40 jam. In 
addition, the height size H of the barrier plate 6 is, for 
example 3 \±m to 5 urn 

[0031] The organic layer 1 0 is composed of laminated 
films piled up selectively by means of a mask 5 disposed 
over the substrate 1 in a way of putting the barrier plate 
6 between the mask 5 and the substrate 1. In other 
words, the barrier plate 6 performs a role of a spacer 
between the substrate 1 and the mask 5 when the or- 
ganic electro-luminescent element OLED is formed. 
Namely, the barrier plate 6 is disposed for preventing 
that the mask 5 erroneously contacts with the surface 
where the organic electro-luminescent element OLED 
is formed. 

[0032] The present display apparatus is an active ma- 
trix type display apparatus. In the lower layer portion LL, 
there is disposed a scanning wiring X for supplying first 
electric information for selecting the pixels, a data wiring 
Yforsupplying brightness information fordrivingthepix- 
els, a first active element controlled by second electric 
information supplied from the scanning wiring X and 
having a function of writing the brightness information 
supplied from the data wiring Y into one of the pixels, 
and a second active element having a function of con- 
trolling emission of light of the organic electro-lumines- 
cent element OLED by supplying current to the organic 
electro-luminescent element OLED in accordance with 
the written brightness information. 



[0033] In Fig. 1 , a thin film transistor TFT formed on 
the substrate 1 is shown as the second active element. 
The thin film transistor TFT has a bottom gate structure 
composed of a gate electrode G, a gate insulating film 

5 31 formed on the gate electrode G, and a semiconductor 
thin film 32 formed on the gate insulating film 31. It is 
needless to say that the so-called top gate structure 
causes no problem. The semiconductorthin film 32 has 
a channel area aligned with the gate electrode G as well 

10 as a source area S and a drain area D on both sides of 
the channel area. 

[0034] The thin film transistor TFT having the afore- 
said structure is covered by an interlayer isolation film 
33. On the interlayer isolation film 33, the aforesaid data 

15 wiring Y and the connecting wiring M are formed. Al- 
though being not drawn in Fig. 1, the data wiring Y is 
electrically connected with the source area S of the thin 
film transistor TFT through the contact hole CON 
opened to the interlayer isolation film 33. Similarly, the 

20 connecting wiring M is also connected to the drain area 
D of the thin film transistor TFT through the contact hole 
CON opened to the interlayer isolation film 33. The an- 
ode A of the organic electro-luminescent element OLED 
is electrically connected with the drain area D of the thin 

25 film transistor TFT through the connecting wiring M by 
employing such a structure. 

[0035] A method for manufacturing a display appara- 
tus according to the present invention is described. Fig. 
1 is referred still more in the description. 

30 [0036] At first, a conducting material is formed on the 
surface of the substrate 1 made from glass or the like. 
Then, the gate electrode G is formed by patterning the 
formed conducting material to a prescribed shape. The 
scanning wiring X and so forth are simultaneously 

35 formed by using the same conducting material. As the 
conducting material, there can be used polycrystalline 
silicon to which impurities are injected to a high density, 
silicide, or metals having high melting points such as W. 
Mo. 

40 [0037] Next, the gate insulating film 31 is formed by 
means of the CVD (Chemical Vapor Deposition) meth- 
od, or the like. As the gate insulating film 31 , for exam- 
ple, Si0 2 , SiN or the like can be used. 
[0038] The semiconductor thin film 32 is formed on 

45 the gate-insulating film 31. Amorphous silicon is piled 
on the gate insulating film 31 by, for example the CVD 
method. Then, the piled amorphous silicon is changed 
to polycrystalline silicon by means of the solid phase epi- 
taxial growth method or the laser anneal method by UV 

50 laser light. Impurities are selectively injected to the thus 
obtained semiconductor thin film 32 to form the source 
area S and the drain area D. And then, the semiconduc- 
torthin film 32 is patterned in accordance with the shape 
of the thin film transistor TFT. 

55 [0039] So as to cover the thus obtained bottom gate 
structure type thin film transistor TFT, the interlayer iso- 
lation film 33 made from for example Si0 2 is formed. 
The contact holes, not shown, connected with the 
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source area S or the drain area D of the thin film tran- 
sistor TFT are formed in the interlayer isolation film 33. 
[0040] After that, a metal thin film is formed on the in- 
terlayer isolation film 33 by means of sputtering method 
or the like. The data wiring Y and the connecting wiring 
M are formed by pattering the metal thin film to a pre- 
scribed shape. As the metal thin film, aluminum is gen- 
erally used. According to circumstances, a multilayer 
structure of Ti / TiN / Ti / Al / Ti / TiN / Ti or alloy layers 
such as AISi and AlCu may be used. 
[0041] In conformity with the aforementioned proc- 
esses, the lower layer portion LL of a pixel is formed. 
On the lower layerportion LL, the interlayer isolation film 
50 made from Si0 2 or the like is formed as the middle 
layer portion ML. 

[0042] After forming the contact hole CON in the in- 
terlayer isolation film 50 by means of etching, the light 
reflective anode A made from a metal such as Al and Cr 
is formed on the interlayer isolation film 50. Afterforming 
the insulating layer 15 made from Si0 2 or the like on the 
anode A, a window portion is formed in the insulating 
layer 15 by etching. The organic electro-luminescent el- 
ement OLED is formed at the window portion. As appar- 
ent from the Fig. 1 , the window portion is disposed at a 
region except for the contact region including the con- 
tact hole CON. At this step, the barrier plate 6 is formed 
on the residual insulating layer 1 5. The barrier plate 6 is 
made from an organic or an inorganic insulating mate- 
rial. In the present embodiment, the barrier plate 6 is 
formed by piling Si0 2 to a thickness of 3 jim to 5 jam by 
means of sputtering. As apparent from Fig. 1 , the barrier 
plate 6 is formed in a contact region including the contact 
hole CON. 

[0043] Afterthat, the mask 5 is disposed on the barrier 
plate 6 by utilizing it as a spacer. Then, the organic layer 
1 0 is formed on the anode A by means of an evaporation 
method. At this time, the barrier plate 6 performs a role 
of a spacer so that the mask 5 does not contact with the 
surface of the substrate 1 . After the evaporation of the 
organic layer 1 0, the transparent cathode K is formed 
on the whole surface of the substrate 1 . The electric po- 
tential of the cathode K is kept to be a common value 
over all the pixels. In conformity with the aforementioned 
processes, the upper layer portion UL of each pixel is 
completed. 

[0044] Fig. 2 is an example of a mimetic plan view of 
the display apparatus shown in Fig. 1 . As shown in Fig. 
2, the data wiring Y is arranged in the vertical direction 
of the sheet. And, the scanning wiring X is arranged in 
the lateral direction of the sheet. Moreover, the barrier 
plates 6 which are separating pixels PXL adjoining in 
the vertical direction are also arranged in the lateral di- 
rection. As described with reference to Fig. 1 , the barrier 
plates 6 are disposed at regions overlapping the contact 
regions CON. The hatched portions in the pixels PXL 
are regions where the organic electro-luminescent ele- 
ments OLED are formed. The hatched portions form ef- 
fective light emission areas. 



[0045] Fig. 3 is an example of a mimetic plan view 
showing the relative positional relationships between 
the substrate 1 and the mask 5. The present example 
shows a case where pixels of three primary colors of 

5 red, green and blue are formed on the substrate 1 by 
means of a vacuum evaporation method. 
[0046] The barrier plates 6 are formed in a state of a 
stripe on the surface of the substrate 1 in advance. The 
barrier plates 6 are made from an organic or inorganic 

10 insulating material. The barrier plates 6 can be formed 
on the surface of the substrate 1 by means of, for ex- 
ample screen printing method or sputtering method. 
[0047] Between each of the barrier plates 6 formed in 
the state of the stripe, pixels of each of the three primary 

15 colors of the red. the green and the blue are formed. 
Accordingly, the mask 5 has a pattern 8 shown in Fig. 
3, where rectangular openings are formed at positions 
without hatchings. In the shown state in Fig. 3, the open- 
ings of the pattern 8 of the mask 5 corresponds to pixels 

20 R in the substrate 1 side. By performing the vacuum 
evaporation in this state, organic materials to constitute 
the pixels R are selectively evaporated on the surface 
of the substrate 1 . After the processing, by shifting the 
mask 5 to the right side by a pixel, the openings of the 

25 pattern 8 aligns with the regions of pixels G. And then, 
after changing the organic materials, the pixels G can 
be formed by performing the vacuum evaporation again. 
Similarly, by shifting the mask 5 to the right side further 
by a pixel, pixels B can be formed. 

30 [0048] In the example shown in Fig. 3, the intervals 
between the stripes of the arranged barrier plates 6 are 
set to be, for example 300 jim. On the other hand, the 
sizes of the openings formed in the pattern 8 of the mask 
5 are, for example 70 \xm x 200 jxm. Moreover, the mask 

35 5 is made from, for example, stainless steel, and the 
thickness thereof is, for example, about 50 urn On the 
other hand, the thickness of the barrier plate 6 that reg- 
ulates the size of the gap between the substrate 1 and 
the mask 5 is, for example, about 5 jam. 

40 [0049] Next, Figs. 4A- 4C are referred while an exam- 
ple of a method for forming a pixel of an electro-lumi- 
nescent element on a glass substrate by using the mask 
shown in Fig. 3 is concretely described. 
[0050] At first, as shown in Fig. 4A, chromium (Cr) was 

45 formed on the interlayer isolation film 50, in which con- 
tact holes CON had been formed in advance, to be 200 
nm in film thickness by means of DC sputtering. Inciden- 
tally, lower layers under the interlayer isolation film 50 
are omitted in the drawings. Argon (Ar) was used as the 

50 sputter gas. The pressure of the sputter gas was 0.2 Pa, 
and the DC output of the DC sputtering was 300W. 
[0051] Then, the interlayer isolation film 50 was pat- 
terned to be a prescribed shape by means of an ordinary 
lithographictechnique. The processing was done by uti- 

55 lizing ETCH-1 made by Sanyo Chemical Industries, Ltd. 
as etching liquid. Thereby, the anode A having a pre- 
scribed shape could be obtained. The chromium can be 
treated by the etching liquid with high accuracy and 
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good reproducibility. If further higher accuracy of finish- 
ing is requested, it may be processed by dry etching. As 
an etching gas, a mixed gas of chlorine (Cl 2 ) and oxygen 
(0 2 ) may be used as the etching gas. In particular, if 
reactive ion etching (RIE) is used, high accuracy 
processing can be performed, and the shape of an etch- 
ing surface can be controlled. If the etching is performed 
under a prescribed conditions, the processing to a ta- 
pered shape can be performed to decrease short cir- 
cuits between the cathode K and the anode A. 
[0052] Successively, the insulating layer 15 was 
formed on the interlayer isolation film 50 wherethe chro- 
mium had been processed to the prescribed pattern. 
The material to be used as the insulating layer 15 is not 
specially limited. In the present embodiment, silicon di- 
oxide (Si0 2 ) was used. The Si0 2 was formed to have a 
film thickness of 200 nm by sputtering. The method for 
forming the insulating layer 15 is not specially limited. 
[0053] Then, the Si0 2 was processed to have an 
opening over the anode A made from the chromium by 
means of an ordinal lithographic technique. A mixed liq- 
uid of fluoric acid and ammonium fluoride can be used 
for etching of the Si0 2 . Moreover, dry etching process- 
ing is also applicable. The aforesaid opening portion is 
a light emission portion of the organic electro-lumines- 
cent element. Incidentally, the insulating layer 15 is not 
absolutely necessary to the present invention, but it is 
desirable to equip the insulating layer 1 5 for preventing 
the short circuits between the anode A and the cathode 
K. After these processes, the barrier plates 6 were 
formed on the both sides of the opening by means of, 
for example sputtering. 

[0054] Next, as shown in Fig. 4B, a mask 5 was placed 
overthe interlayer isolation film 50 by putting the barrier 
plates 6 between the mask 5 and the interlayer isolation 
film 50. Incidentally, the opening formed in the pattern 
8 of the mask 5 was positioned by, for example, making 
a mark of the mask 5 coincide with a mark put on the 
glass substrate beforehand so as to align with the afore- 
said opening portion of the insulating layer 15. 
[0055] The substrate combined with the mask 5 was 
thrown into a vacuum evaporatorto form the organic lay- 
er 10 and the metal layer 11 of the cathode K by evap- 
oration. 

[0056] The organic layer 10 had layers of 4, 4', 4" - 
tris (3-methylphenyl phenylamino) triphenyl amine (MT- 
DATA) as a hole injecting layer 101 , a bis (N-naphthyl)- 
N-phenyl benzidine (a-NPD) as a hole transporting layer 
102, and an 8-quinolinol aluminum complex (Alq) as a 
luminescent layer 1 03. 

[0057] The cathode K had the metal layer 11 of an al- 
loy of magnesium and silver (Mg : Ag). 
[0058] 0.2 gram of each material belonging to the or- 
ganic layer 1 0 was filled in a boat for electric resistance 
heating. Then, the boat was attached to a predeter- 
mined electrode of the vacuum evaporator. 0.1 gram of 
the magnesium and 0.4 gram of the silver of the metal 
layer 11 were filled in another boat. And then, the boat 



was attached to another predetermined electrode in the 
vacuum evaporator. The vacuum chamber of the vacu- 
um evaporator was decompressed to 1 .0 x 1 0~ 4 Pa. And 
then, voltages were imposed on each boat. Thereby, 

5 each boat was heated in turn to evaporate the materials 
filled in each boat. In the evaporation process, an evap- 
oration mask was used to form the organic layer 1 0 and 
the metal layer 11 composed of Mg : Ag by evaporation 
only at a predetermined portion. The predetermined por- 

10 tion was a portion where the chromium was exposed. It 
is difficult to evaporate those materials only the portion 
where the chromium is exposed at a high accuracy. Ac- 
cordingly, the inventors designed the evaporation mask 
so as to cover the whole portion where the chromium 

15 was exposed, namely so as to cover also the edge of 
the insulating layer 15. 

[0059] At first, MTDATA was evaporated to form the 
hole injecting layer 1 01 in thickness of 30 nm. Then, oc- 
NPD was evaporated to form the hole transporting layer 
20 1 02 in thickness of 20 nm. And further, Alq was evapo- 
rated to form the luminescent layer 103 in thickness of 
50 nm. 

[0060] Furthermore, the metal layer 11 of Mg : Ag of 
the cathode K was formed on the organic layer 10 by 
25 coevaporating magnesium and silver. The ratio of the 
speed of forming the film of the metal layer 11 of the 
magnesium to the silver was 9:1. The thickness of the 
film of Mg : Ag was 1 0 nm. 

[0061] At last, as shown in Fig. 4C, the interlayer iso- 

30 lation film 50 was transferred to another vacuum cham- 
ber. Then, the transparent conducting layer 12 was 
formed on the metal layer 11 by means of the same 
mask 5. The DC sputtering was used forforming the in- 
terlayer isolation film 50. A transparent conducting film 

35 of ln-Zn-0 series that showed good conductivity by 
forming as a film at a room temperature was used as 
the transparent conducting layer 12. The film forming 
conditions were as follows. That is, a mixed gas of argon 
and oxygen (volume ratio: Ar : 0 2 = 1 ,000 : 5) was used 

40 as the sputter gas; the pressure thereof was 0.3 Pa; and 
the DC output was 40 W. The thickness of the formed 
transparent conducting layer 12 was 200 nm. 
[0062] Lastly, an example of an equivalent circuit of 
one pixel is shown in Fig. 5. The pixel PXL is composed 

45 of an organic electro-luminescent element OLED, a thin 
film transistor TFT1 as a first active element, a thin film 
transistor TFT2 as a second active element, and a hold- 
ing capacitance Cs. Because many organic electro-lu- 
minescent elements have a rectification characteristic, 

50 they are sometimes called as the organic light emitting 
diode. Accordingly, in Fig. 5, the organic electro-lumi- 
nescent element OLED is indicated by a sign of a diode. 
[0063] In Fig. 5, the source S of the thin film transistor 
TFT2 is set to be a reference potential, or the earth po- 

55 tential. The cathode K of the organic electro-lumines- 
cent element OLED is connected to a supply voltage 
Vdd. On the other hand, the anode A of the organic elec- 
tro-luminescent element OLED is connected to the drain 
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D of the thin film transistor TFT2. Moreover, the gate G 
of the thin film transistor TFT1 is connected to the scan- 
ning wiring X. The source S of the thin film transistor 
TFT1 is connected to the data wiring Y. The drain D of 
the thin film transistor TFT1 is connected to the holding 
capacitance Cs and the gate G of the thin film transistor 
TFT2. 

[0064] For operating the pixel PXL, at first, the scan- 
ning wiring X is madeto be a selected state. Then, when 
a data voltage Vdata indicating the brightness informa- 
tion is imposed on the data wiring Y, the thin film tran- 
sistorTFTI is conducted. Then, the holding capacitance 
Cs is charged or discharged. Consequently, the gate 
voltage of the thin film transistor TFT2 accords with the 
data voltage Vdata. 

[0065] When the scanning wiring X is made to be a 
non-selected state, the thin film transistor TFT1 turns 
off.Then ; the thin film transistor TFT2 is electrically cut 
off from the data wiring Y. However, the gate voltage of 
the thin film transistor TFT2 is stably held by the holding 
capacitance Cs. The current flowing through the organic 
electro-luminescent element OLED through the thin film 
transistor TFT2 comes to have a value according to the 
voltage Vgs between the gate G and the source S of the 
thin film transistor TFT2. Consequently, the organic 
electro-luminescent element OLED keeps emitting light 
at the brightness in accordance with the amount of cur- 
rent supplied from the thin film transistor TFT2. 
[0066] As described above, in the circuit structure of 
the pixel PXL shown in Fig. 5, when once the data volt- 
age Vdata is written in the pixel PXL, the organic electro- 
luminescent element OLED keeps emitting light at a 
fixed brightness during a frame interval until the written 
date voltage Vdata is next re-written. When many pixels 
PXL like this are arranged in a matrix form as shown in 
Fig. 6, an active matrix type display apparatus can be 
constituted. As shown in Fig. 6. the display apparatus is 
composed by arranging the scanning wirings X1 to XN 
for selecting the pixels PXL and the data wirings Y for 
supplying the brightness information . i.e. data voltages 
Vdata, for driving the pixels PXL arranged in a matrix 
form. 

[0067] The scanning wirings X1 to XN are connected 
with a scanning wiring driving circuit 21 . On the other 
hand, the data wirings Y are connected with a data wir- 
ing driving circuit 22. A desired image can be displayed 
by repeating writing the data voltages Vdata from the 
data wirings Y by the data wiring driving circuit 22 while 
selecting the scanning wirings X1 to XN in turn by the 
scanning wiring driving circuit 21. In the simple matrix 
type display apparatus, a luminous element included in 
each pixel PXL emits light only an instance when it is 
selected. On the contrary, in the active matrix type dis- 
play apparatus shown in Fig. 6, the organic electro-lu- 
minescent element of each pixel PXL keeps emitting 
light even after the completion of writing interval. Con- 
sequently, when the active matrix type display appara- 
tus is used in a display having a large size and high res- 



olution, it is advantageous in that the peak brightness, 
or the peak current, of the organic electro-luminescent 
element can be decreased in comparison with that of 
the simple matrix type display apparatus. 

5 [0068] Although the invention has been described in 
its preferred form with a certain degree of particularity, 
obviously many changes and variations are possible 
therein. It is therefore to be understood that the present 
invention may be practiced than as specifically de- 

10 scribed herein without departing from scope and the 
sprit thereof. 



Claims 

15 

1 . A display apparatus including a substrate, a plural- 
ity of pixels formed on said substrate, and a barrier 
plate for separating adjoining pixels of said pixels 
from each other, wherein: 

20 

each of said pixels comprises a lower layer por- 
tion including a wiringformed on said substrate, 
an upper portion including an organic electro- 
luminescent element, and a middle layer por- 
25 tion for electrically insulating said lower layer 

portion and said upper layer portion from each 
other, and 

said organic electro-luminescent element is 
connected with the wiring through a contact 
30 hole formed in said middle layer portion, and 

further 

said barrier plate is disposed in said upper layer 
portion so as to overlap with a region including 
the contact hole. 

35 

2. The display apparatus according to claim 1 , where- 
in: 

said organic electro-luminescent element is 
40 composed of a reflective anode connected with 

said wiring, a transparent cathode disposed at 
a front face of said organic electro-luminescent 
element, and an organic layer held between the 
anode and the cathode, and 
45 the organic layer emits light by recombination 

of a hole supplied from the anode and an elec- 
tron supplied from the cathode, and further the 
emitted light is taken out of the cathode dis- 
posed at the front face. 

50 

3. The display apparatus according to claim 2, where- 
in: 

said organic layer is composed of laminated 
films piled up selectively by means of a mask dis- 
55 posed over said substrate in a way of putting said 
barrier plate between the mask and said substrate. 

4. The display apparatus according to claim 1 , 2 or 3, 
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13 

wherein: said lower layer portion comprises 

a scanning wiring, a part of said wiring, for sup- 
plying first electric information forselecting said 
pixels, 5 
a data wiring, another part of said wiring, for 
supplying brightness information for driving 
said pixels, 

a first active element controlled by second elec- 
tric information supplied from the scanning wir- 10 
ing and having a function of writing the bright- 
ness information supplied from the data wiring 
into one of said pixels, and 
a second active element having a function of 
controlling emission of light of said organic is 
electro-luminescent element by supplying a 
current to said organic electro-luminescent el- 
ement in accordance with the written bright- 
ness information. 

20 

5. A method for manufacturing a display apparatus in- 
cluding a substrate, a plurality of pixels formed on 
said substrate, and a barrier plate for separating ad- 
joining pixels of said pixels from each other, each 

of said pixels having a lower layer portion including 25 
a wiring formed on said substrate, an upper portion 
including an organic electro-luminescent element, 
and a middle layer portion for insulating said lower 
layer portion and said upper layer portion from each 
other electrically, said method comprising the steps 30 
of: 

forming said lower layer portion including the 
wiring on said substrate; 

forming said middle layer portion so as to cover 35 
said lower layer portion; 
forming a contact hole connected with the wir- 
ing in said middle layer; 

forming said organic electro-luminescent ele- 
ment on said middle layer portion to connect 40 
said organic electro-luminescent element with 
thewiring in said lower layer portion through the 
contact hole formed in said middle layer por- 
tion; and 

disposing said barrier plate so as to overlap 45 
with a region including the contact hole. 

6. The method according to claim 5, wherein: 



of a hole supplied from the anode and an elec- 
tron supplied from the cathode, and further 
the emitted light is taken out of the cathode dis- 
posed at the front face. 

7. The method according to claim 6, wherein: 

said organic layer is formed by piling laminat- 
ed films selectively by means of a mask disposed 
over said substrate in a way of putting said barrier 
plate between the mask and said substrate. 

8. The method according to claim 5, 6 or 7, wherein: 

said step of forming said lower layer portion 
comprises the steps of: 

forming a scanning wiring, a part of said wiring, 
for supplying first electric information for select- 
ing said pixels; 

forming a data wiring, another part of said wir- 
ing, for supplying brightness information for 
driving said pixels; 

forming a first active element controlled by sec- 
ond electric information supplied from thescan- 
ning wiring and having a function of writing the 
brightness information supplied from the data 
wiring into one of said pixels; and 
forming a second active element having a func- 
tion of controlling emission of light of said or- 
ganic electro-luminescent element by supply- 
ing a current to said organic electro-lumines- 
cent element in accordance with the written 
brightness information. 



said step of forming said organic electro-lumi- 50 
nescent element is to form said organic electro- 
luminescent element composed of a reflective 
anode connected to said wiring, a transparent 
cathode disposed at a front face of said organic 
electro-luminescent element, and an organic 55 
layer held between the anode and the cathode, 
and 

the organic layer emits light by recombination 
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